The transient gravity waves generated by a harmonically oscillating wave maker immersed in two incompressible fluids, the upper fluid having a free surface, is considered. The resulting linearized initial value problem is solved using the method of generalized functions, and aymptotic analysis for large time and distance are given for the elevation.
INTRODUCTION.
The two-dimensional problem of gravity waves generated by moving oscillating surface pressure distributions in a fluid which is unbounded in both horizontal directions has been studied by Kaplan [1] and Debnath and Rosenblat [2] in infinite depth and in finite depth respectively. Pramanik [3] considered the initial value problem of waves generated by a moving oscillating surface pressure against a vertical cliff and a uniform asymptotic analysis was given for the unsteady case. Debnath and Basu [4] treated the same problem taking into account the effect of surface tension. Faltas [5] investigated the initial value problem of surface waves generated by a harmonically oscillating vertical wave maker immersed in an infinite i.ncompressible fluid of finite constant depth. It is the purpose of this paper to discuss the transient development of twodimensional linearized waves at the free surface and at the interface between two fluids. The waves are produced by a harmonically oscillating wave maker immersed vertically in both fluids. The integral representations of free and interface elevations are obtained through an application of the Laplace and the generalized cosine Fourier transforms of the equations of motion. Then the application of the stationary phase method combined with the contour integration method leads to the asymptotic waves valid for large time and distance.
FORMULATION AND SOLUTION OF THE PROBLEMS.
We are concerned with the transient development of two dimensional infinitesimal wave motion of two superimposed immiscible non-viscous and incompressible fluids separated by a common interface, where the upper fluid has a free surface. The waves are generated by a harmonically oscillating wave maker immersed vertically in the two fluids.
Take the origin O at the mean level fo the interface and the axis Oy to be vertically downwards along the wave maker. The upper fluid is of finite constant height with mean level at y -h, while the lower fluid has infinite depth. If the notion is generated originally from rest by the oscillations of the wavemaker, it will be irrotational throughout all time and we may describe the motion by velocity 0<y<c, and 0<x<c, -h<y<0 of the lower and upper fluids respectively. The unsteady motion is produced in the two fluids by the continuous oscillations of the wave maker. Let it oscillate horizontally with velocity U(y,t) given by U(y, t) u(y)eiwtH(t) (2.1) where u(y) is an arbitrary function of y, w is the frequency, and H(t) is the unit step function. The functions j satisfy an initial boundary value problem in which =o. (2.7)
We suppose also that Cj, r/j are treated as the generalized function in the sense of Lighthill [6] .
We introduce the Fourier cosine transform with respect to We follow the method of Debnath and Rosenblat [2] to evaluate these wave integrals. The main contribution to the asymptotic value of the above integrals comes from the poles and stationary points of the integrals. It is noted that each I1,J1, and J2 contains one pole at k k 0 where k 0 w2/g, and each of I'l,J'2,J' 2 contains one pole at k k, where k} is the only real positive root of the equation (3.6) .
So far the entire analysis of the asymptotic behavior has been carried out for t/l(z,t). A similar asymptotic analysis can be obtained for r/2(x,t). It is clear that there are two modes of waves spreading at each of the free surface of the upper fluid and in the interface of the two fluids and of course one of them will dominate on the other. The above analysis reveals the fact that the transient solution decays rapidly to zero as time o. The ultimate steady state is established in the limit. Solutions (3.8ab) represent outgoing waves propagating with phase velocity w/k 0 and w/k' 0 respectively. These results justify the use by previous authors of the condition at infinity known as the Som,nerfield radiation condition when investigating steady-state harmonic surface waves problem. The application of this condition instead of the boundedness condition at infinity was necessary to render the solution unique.
